ABSTRACT In order to reduce the pressure impact of continuous rotary electro-hydraulic servo motor, ensure the smooth pressure transition during the motor commutation, and improve the control accuracy, a kind of pre-compression chamber structure was proposed. The fluid domain models with pre-compressed chamber structure were established. The decompression process of the motor in long radius arc region and boosting process in short radius arc region were simulated and analyzed by FLUENT software. Through comparing and analyzing pressure distribution, outlet flow rate, and cross-section flow rate of fluid models, basing on a drosophila optimization algorithm, the optimum structure size of the pre-compression chamber of the motor is obtained. The results show that the optimal side length of the pre-compression chamber is 10 mm in the compression process, while the optimal side length is 26.273 mm in the decompression process. The pre-compression chamber structure can effectively reduce the pressure impact of the continuous rotary electro-hydraulic servo motor.
I. INTRODUCTION
Continuous rotary electro-hydraulic servo motor, as the actuator of hydraulic system, has many good performances, such as high torque, high frequency response, wide speed regulation, ultra-low speed and high precision, which is widely used in driving mechanism of high-power simulator [1] . Motor blades switch frequently between high and low pressure chambers in the working process of the servo motor. The blades are subjected to a certain pressure impact, and the low speed performance of the servo motor is seriously affected when the high and low pressure is connected [2] , [3] . The reason is the pressure fluctuation of the oil and the instantaneous expansion of the flow area from the high-pressure chamber to the low-pressure chamber. So reducing the pressure impact of motor blades is of great significance for improving the performance of servo motor when switching between high and low pressure chambers and ensuring a smooth pressure transition.
Scholars have done a lot of research aiming at the pressure impact phenomenon of hydraulic pumps and motors.
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Casoli et al. [4] , [5] in University of Parma established the plunger chamber pressure and flow model by finite element method, and studied the flow fluctuation at the pump outlet, plunger chamber pressure and flow rate of plunger pump under gas-liquid two-phase flow condition by considering the influence of oil inertia in buffer tank and introducing a simplified cavitation model, Ericson et al. [6] - [8] in Linköpings University carried out the simulation analysis and the experimental research on the pre-compression chamber of plunger pump, and obtained the relationship between the pressure of the plunger chamber and the volume of the pre-compression chamber under different medium pressures. Monika et al. [9] in Purdue University studied the noise reduction of the pre-compression chamber structure of plunger pump. It is concluded that the noise reduction effect of plunger pump is the best when the volume of the pre-compression chamber is three times the volume of the lower dead zone of the plunger pump. Dantlgraber of Rexroth and Weingart in Dresden University proposed an active flow distribution scheme based on piezoelectric material with adjustable pre-compression capacitor. The flow fluctuation can be reduced by 30% compared with the traditional damping groove structure [10] . Xu et al. [11] , [12] in Zhejiang University analyzed the influence of pre-compression chamber structure on flow fluctuation of plunger pump source. Ding [13] , [14] studied the speed influence of aluminum shell motor on the hydraulic pressure gradient of the seal oil, and obtained that the optimal critical speed of the motor in the step-down process was 0.08 • /s, and the maximum pressure gradient was −9× 10 6 Pa/rad, the optimal critical speed of the motor in the step-up process was 0.55 • /s, and the maximum pressure gradient was 2 × 10 6 Pa/rad. Yuan [15] analyzed the continuous characteristics of pressure and flow in the sealed chamber of continuous rotary electro-hydraulic servo motor during pressure switching, and obtained the theoretical formula and optimum size of the motor stator pre-transition curve and the triangle groove of valve plate. Jiang et al. [16] studied the electro-hydraulic servo swash plate plunger transformer, designed a new type of distributor structure, and drew the conclusion that the new type transformer can greatly reduce the pressure impact of plunger pump operation. Wang [17] analyzed the pressure field of the sealing chamber of steel shell motor, and determined the optimal parameters of the triangular buffer slot in the decompression process of the arc region of the long radius of the stator and the compression process of the arc region of the short radius of the stator and the maximum pressure gradient. Zhang et al. [18] carried out theoretical analysis and experiment study on pressure impact and flow fluctuation of double-row oil axial piston pump, which redesigned a flow distribution structure. Comparing with 45mL axial piston pump, the pressure fluctuation was reduced to 30%. Li [19] numerically simulated the internal flow field of the double-acting vane pump, and obtained the conclusion that the output flow and pressure fluctuation amplitude of the vane pump increased with the system pressure. Liu et al. [20] have studied a new type of triangular buffer slot with valve plate structure, which provides the reference for the new type of plunger hydraulic transformer to reduce pressure shock and noise. Aiming at the pressure impact phenomenon of continuous rotary electro-hydraulic servo motor, the current research mainly focuses on the triangle groove, and few scholars have studied the influence of pre-compression chamber on the pressure impact.
For this reason, a kind of pre-compressed chamber structure was proposed in this paper. The fluid domain models of the servo motor sealing chamber were established. Then, the models were simulated and analysed by FLUENT. The optimal structure is obtained through the study of the pre-compressed chamber and drosophila optimization algorithm. The article provided a new direction for the study of pressure impact of continuous rotary electro-hydraulic servo motor.
This paper is organized as follows. In section II, the mathematical model of the pre-compressed chamber is established and its working principle is introduced. In section III and IV, the step-up and step-down processes of continuous rotary electro-hydraulic servo motor are simulated and analyzed. In section V, the structure of pre-compressed chamber is optimized by mathematical optimization algorithm. In section VI, the conclusions are summarized.
II. ESTABLISHMENT OF PRE-COMPRESSION CHAMBER MODEL A. MATHEMATICAL MODEL OF PRESSURE GRADIENT
The hydraulic pressure change of the sealing chamber formed by the two blades of the servo motor is expressed as:
where dp is the differential of hydraulic pressure, β e is the oil elasticity modulus (MPa), dV is the volume differential of oil in sealed chamber, and V is the initial volume of oil in sealed chamber (m 3 ).
With the rotation of the motor blades, the oil in the sealing chamber is compressed, the volume decreases and the pressure increases gradually. The concrete structure of the sealing chamber of the motor is shown in Fig. 1 .
The sealing chamber formed by the valve plate, blade 1, blade 2, stator inner curve and rotor of the motor is taken as the research object. Then, assuming that the initial volume of the sealed chamber is V , the change of oil-liquid volume in the sealing chamber is expressed as: dp dt = ω dp dθ
where, ω is the motor speed ( • /s), θ is the rotor angle ( • ). The oil hydraulic pressure gradient in the sealing chamber is expressed as:
B. PRINCIPLE OF PRE-COMPRESSION CHAMBER
Pre-compression chamber reduces pressure impact by reducing the pressure pulsation when the sealing chamber of the motor and the waist groove of the valve plate are connected instantaneously. Fig. 2 shows the structure of the sealed and pre-compressed chamber when the two blades are in the transition zone from high pressure to low pressure. The pre-compression chamber is connected with the sealed chamber through the damping hole. When the blades of servo motor move to different positions, they are mainly divided into two processes: VOLUME 7, 2019 FIGURE 2. Pre-compressed cavity structure diagram.
pressure-boosting and pressure-lowering of sealed chamber. Working principles are as follows:
(1)Decompression process of sealing chamber in longradius arc region
The blades are connected to the oil return chamber instantaneously when the motor blade rotates to the long-radius arc area. The internal structure of the motor is shown in Fig. 3 . It can be seen from Fig. 3 that the rotor rotates clockwise, and the sealed cavity is connected with the damping hole. At this time, the sealed cavity is high-pressure oil. The high-pressure oil in the sealed cavity instantaneously flows out to the oil returning chamber so as to cause a certain pressure impact when the sealing cavity is connected to the oil returning chamber. However, the sealed cavity and the pre-compression chamber are both high-pressure oil after the introduction of the pre-compression chamber. The high-pressure oil instantaneously rushes out, and the sealed cavity is released when the sealed cavity and the oil return cavity are connected. The high-pressure oil in the pre-compression chamber gradually relieves pressure through the damping hole, so as to compensate the oil hydraulic pressure in the sealed cavity, reduce the pressure gradient of the sealed chamber during the relief process, and reduce the pressure impact of the oil on the blade finally.
(2)Boosting process of sealing chamber in short-radius arc region
The blade is connected to the oil return chamber instantaneously when the motor blade rotates to the short-radius arc area. The internal structure of the motor is shown in Fig. 4 . It can be seen from Fig.4 that the rotor rotates clockwise, and the sealed cavity is connected with the damping hole. At this time, the inlet oil is high pressure, the return oil is low pressure. The high-pressure oil in the oil inlet chamber instantaneously flows out to the sealed cavity, and causes a certain pressure impact when the sealing cavity is connected to the oil inlet chamber. After introducing the pre-compression chamber, the sealed chamber and the pre-compression chamber are pressurized simultaneously, which is equivalent to adding a buffer area to the sealed chamber, when the high pressure oil enters the sealed chamber. To a certain extent, it reduces the pressure impact of the oil on the blade when the high-pressure oil enters the sealed chamber.
Therefore, the pressure impact of the motor in the processes of boosting and decompression can be alleviated as long as the pre-compression chamber is located between the high and low pressure chambers of the distributor. Therefore, this study only simulates and optimizes the size of the pre-compression chamber, and the location does not need to be optimized. In addition, the oil return chamber and the oil inlet chamber are mutually converted when the motor rotates counter-clockwise. Because the oil inlet chamber and the oil return chamber are symmetrically distributed, and the pre-compressed chambers are evenly distributed between the four waist grooves of the distribution plate, the sealing cavity formed by the blades has the same principle of boosting and depressurizing.
III. SIMULATION AND ANALYSIS OF DECOMPRESSION PROCESS BASED ON FULENT A. PRETREATMENT OF FLUID COMPUTATION
This article mainly studies the influence of pre-compression chamber on the pressure impact of the blade of servo motor, so the triangular groove and internal leakage of the valve plate of the motor are neglected. Reasonable simplification of the sealing chamber formed by the motor blade can improve the mesh quality and computational efficiency of the simplified model, which is more conducive to the analysis of the structure of the pre-compression chamber.
When the sealed cavity and the pressure outlet are connected the pressure drop is the largest, and the pressure drop gradually decreases as the blade rotates, and the pressure drop is completed when the pressure in the sealed cavity is the same as the outlet pressure. Therefore, starting from the tangency of the blade and the oil return cavity, the sealed chamber models of five positions are established by using SolidWorks, which two blades rotate from 0 • to 0.8 • at the interval of 0.2 • . Then, the sealed chamber models of three positions which two blades rotate from 1.2 • to 2 • at the interval of 0.4 • are established.
The three-dimensional model is introduced into the ICEM-CFD for mesh division. The clearance between the tip of the sealing chamber blade and the contact part of the stator is small, so this part is partially encrypted [21] , [22] . The mesh quality is greater than 0.35, which meets the calculation requirements. Fig. 5 shows the sealed cavity mesh models with and without a pre-compressed chamber in the initial position (0 • ). The meshes are imported into FLUENT software for calculation, which the renormalization group (RNG) turbulence model is selected, the 32nd anti-wear hydraulic oil is used as the fluid medium, the oil source pressure is 10 MPa, the oil density is 872 kg/m 3 , the oil viscosity is 0.0279kg/m·s, the oil inlet pressure is 6.5 MPa, and the oil return pressure is 3.5 MPa. 
B. FLUID SIMULATION OF DECOMPRESSION PROCESS IN SEALED CHAMBER
After the calculation is completed in FLUENT software, the results are output to CFD-POST software for postprocessing [23] , [24] . The pressure clouds of the sealing chamber without pre-pressure chamber structure are obtained when the rotating angles of the blade of the continuous rotary electro-hydraulic servo motor are 0
• and 2 • , as shown in Fig.6 .
According to Fig.6 , the pressure of the sealing chamber shows a gradient downward trend with the continuous rotation of the motor blade. The pressure drop is larger when the sealing chamber is connected with the oil return chamber. With the increase of the contact area, the pressure drop decreases slowly. Then, the pressure drop of the sealing chamber has been completed until the blade rotation angle is 2 • .
The volume of the pre-compression chamber influences flow rate and velocity of oil in the sealed chamber formed by the blade, and directly affects the pressure gradient and flow fluctuation of the sealed chamber. In order to analyze the influence of pre-compression chamber on the pressure impact of motor blades, the pre-compression chamber is designed as a cube shape. According to the structure size of servo motor, Fig. 7 . Fig. 7 shows that the pressure of the sealing chamber decreases gradually with the continuous rotation of the motor blade. However, the pressure drop of the sealed chamber is smaller than that without pre-compression chamber in Fig. 6 . The pressure drop has been completed when the blade rotation angle is 2 • .
By analyzing the flow velocity in the middle section of the fluid model, the velocity distribution curve of the sealing chamber is obtained as shown in Fig. 8 . With the increase of the rotating angle of the motor blade, the velocity of the sealed chamber section first decreases to the lowest point, then rises, and finally shows a downward trend, and the velocity changes greatly during the whole rotating process. Compared with the sealed chamber without the pre-compression chamber structure, the cross-section velocity with the pre-compression chamber structure has changed significantly, and the overall flow velocity has decreased.
By analyzing the flow rate at the outlet of the sealing chamber, the oil fluctuation rate of the sealing chamber can be expressed as:
where, q max is the maximum flow rate at the outlet of sealed chamber (L/min); q min is the minimum flow rate at the outlet of sealed chamber (L/min); q m is the average flow rate at the outlet of sealed chamber (L/min) Fig. 9 shows the oil pulsation rate curve of the sealing chamber with different size pre-compression chambers. The edge length of the pre-compressed chamber is 0 mm indicates that there is no pre-compressed chamber structure.
It can be seen from Fig. 9 that the pulsation rate of the sealed cavity first decreases, and then gradually increases as the length of the pre-compression cavity increases. The fluctuation rate of the pulsation rate is small when the length of the pre-compressed cavity is 10 mm; the pulsation rate is greatly reduced when the side length is increased to 20 mm, and the effect is more obvious; the pulsation rate is increased when the side length is increased to 50 mm; The pulsation rate is basically the same when the length of the pre-compressed cavity is 20 mm and 30 mm. By analyzing the pressure values of the motor blades at different rotation angles, the pressure gradient curves of the sealing chamber with different size pre-compression chambers are obtained as shown in Fig. 10 . The letter 'a' represents the length of the pre-compression cavity, and the pressure gradient value is the largest at the beginning of the depressurization. As the motor blade rotates continuously, the pressure gradient gradually decreases. The pressure gradient is essentially zero when the motor blade rotates over 2 • . The pressure gradient without the pre-compressed chamber is the largest when the sealed cavity is just in contact with the oil return chamber. The pressure gradient decreases in turn according to the side lengths of 50 mm, 10 mm, 20 mm and 30 mm. The pressure gradient in which the pre-compression cavity has a side length of 50 mm is less than a pressure gradient of 10mm on the side after the blade rotates by 0.3 • . At the beginning of the depressurization, the pressure gradient of the pre-compression cavity side length of 30 mm is slightly smaller than the pressure gradient of the side length of 20 mm, and the pressure gradient of the two is substantially the same after the blade rotates by 0.4 • . Through simulation studying, the pre-compression chamber length is optimal at 20 mm and 30 mm, and the maximum pressure gradient is reduced to −5.5×10 6 Pa/rad.
IV. SIMULATION AND ANALYSIS OF BOOSTING PROSESS BASED ON FULENT A. PRETREATMENT OF FLUID COMPUTATION
In order to analyze the boosting process of sealing chamber in short radius arc region, starting from the tangency of the blade and the oil return cavity, the sealed chamber models of eight positions which two blades rotate from 0 • to 3.5 • at the interval of 0.5 • are established by using SolidWorks software.
The three-dimensional models are introduced into the ICEM-CFD for mesh division. Fig. 11 shows the sealed cavity mesh models with and without a pre-compressed chamber. 
B. FLUID SIMULATION OF BOOSTING PROCESS IN SEALED CHAMBER
After the calculation is completed in FLUENT software, the results are output to CFD-POST software for postprocessing. The pressure clouds of the sealing chamber without pre-pressure chamber structure are obtained when the rotating angles of the blade of continuous rotary electro-hydraulic servo motor are 0 • , 0.5
• and 3.5 • , as shown in Fig. 12 .
According to Fig. 12 , with the continuous rotation of the motor blade, the pressure of the sealing chamber shows a gradient upward trend. The pressure drop is the largest when the sealing chamber is connected with the oil return chamber. With the increasing of the contact area, the pressure drop decreases slowly. Then, the pressure drop of the sealing chamber has been completed until the blade rotation angle is 3.5 • .
The volume of the sealed cavity formed by the motor blades in the short radius arc area is very small. If the volume of the pre-compression chamber is too large, it will exceed the volume of the sealing chamber, and affect the normal boost of the sealing chamber. Therefore, the pre-compression chamber lengths are selected to be 10mm, 20mm, 25mm, and 30mm. Then, the sealed chambers with four structure sizes It can be seen from Fig. 13 that the pressure of the sealing chamber rises gradually with the continuous rotation of the motor blade. However, the boosting amplitude of the sealed chamber is smaller than that of without pre-compression chamber in Fig.13 . The boosting has been completed when the blade rotation angle is 3.5 • .
By analyzing the flow velocity in the middle section of the fluid model, the velocity distribution curves of the sealing chamber are obtained as shown in Fig. 14 . With the continuous rotation of the motor blade, the flow velocity of the sealing chamber section generally shows a downward trend. The overall velocity of the cross-section with the pre-compression chamber decreases compared with the velocity curve of the sealed chamber without the pre-compression chamber. Especially when the sealed chamber and the oil intake chamber are connected, the change of the velocity is very obvious. By analyzing the flow rate at the outlet of the sealing chamber, the oil pulsation rate curve of the sealing chamber with different size pre-compression chambers is obtained as shown in Fig. 15 . The edge length of the pre-compressed capacitor is 0mm indicates that there is no pre-compressed capacitor structure.
It can be seen from Fig. 15 that as the length of the pre-compression cavity increases, the pulsation rate of the sealed cavity first decreases, and then gradually increases. And the pulsation rate is the smallest when the length of the pre-compressed cavity is 10 mm. By analyzing the pressure values of the motor blades at different rotation angles, the pressure gradient curves of the sealing chamber with different sizes are obtained as shown in Fig. 16 . The pressure gradient value is larger at the beginning of the boost. As the motor blade rotates continuously, the pressure gradient gradually decreases. The pressure gradient is low when the blade rotates between 1 • and 3 • , which the pressure change is relatively stable. The pressure gradient of the sealed chamber with the edge length of 30 mm is the largest when the sealed cavity is just in contact with the oil inlet chamber. The pressure gradient decreases in turn according to the side lengths of 30 mm, 0 mm, 25 mm, 20 mm and 10 mm. The pressure gradient of the sealed cavity with the edge length of 10mm is stable during the boosting process. By analyzing the oil fluctuation rate curves and pressure gradient curves in the boost process, the optimum structure is obtained when the edge length of the pre-compression chamber is 10 mm, and the maximum pressure gradient is reduced to 2.3×10 6 Pa/rad. 
V. STRUCTURAL OPTIMIZATION OF PRE-COMPRESSION CHAMBER
Through the above research, the optimal length of the pre-compressed cavity is 20-30 mm in the decompression process of the stator long radius arc region of servo motor, while the optimal length is 10 mm in the boosting process of the stator short radius arc region. In order to obtain a more accurate pre-compression chamber length dimension, the pre-compression chamber with a side length of 20-30 mm is optimized.
A. INTRODUCTION TO DROSOPHILA OPTIMIZATION ALGORITHM
Drosophila optimization algorithm (DOA) is an emerging intelligent optimization algorithm proposed by Pan Wenchao [25] , [26] based on fruit fly foraging behavior in 2011, combined with bionics principle. The basic principle is shown in Fig. 17.   FIGURE 17 . Drosophila optimization algorithm schematic. Fig. 17 shows that fruit flies first sniff the food smell, judge the general orientation of food, determine the direction and distance of random flight, and gradually approach the food, and (X, Y) means the location of drosophila. The other fruit flies in the population use vision to continuously observe the location of the fruit flies with the greatest flavor concentration, then gradually flies to the fruit flies, and finally find the food source through vision [27] , [28] . The flow chart of Drosophila Optimization Algorithm is shown in Fig. 18 . Fig. 19 shows the geometry of continuous rotary electrohydraulic servo motor. The sealed cavity 'abcd' surrounded by valve plate, adjacent blade 1, blade 2, inner curve of rotor and stator is taken as the research object. Supposing that the motor rotor rotates dθ angle in time dt, and then the sealed chamber becomes a'b'c'd'. The radius of the motor rotor is R 2 , the radius of the large arc section of the stator inner curve is R 1 , the length of the damping hole is L, the radius of the damping hole is r, the edge length of the pre-compression chamber is S, and the speed of the motor is ω.
B. MATHEMATICAL MODEL OF MOTOR SEALED CAVITY 1) ESTABLISHMENT OF OBJECTIVE FUNCTION
The change of oil volume in the sealing chamber is as follows. Since the motor leakage is not considered, the volume change is volume of oil flowing out of return chamber. The oil in the sealed cavity contacts the oil return chamber for a moment to complete the pressure reduction, which can be regarded as the orifice outflow. From the formula of orifice flow rate, the volume change of sealing chamber can be obtained as follows.
where, C q is discharge coefficient; A is throttle area of return chamber (m 2 ); p is back oil chamber differential pressure(Pa); ρ is hydraulic oil density(kg/m 3 ). The shape of the oil return chamber is an arc groove shape. During motor step-down, the blade is completely depressurized due to the rotation of the blade from 0 • to 2 • , so that the pressure reduction is achieved when the blade has not rotated past the semicircular portion of the circular arc groove. As shown in Fig. 20 , the angle of the blade relative to the tangent of circular P is θ, MP is perpendicular to BC, CPM is δ, and β is the angle between line OP and tangent OA of circle P, which is expressed as follows.
where, Q is side length of straight line OP (mm); R is radius of circle P (mm). From Fig. 20 .
Then the area of the sector CBP corresponding to the small arc
The area of the triangle BPC
The area of the oil return cavity can be obtained from Eq. (9) and Eq. (10), expressed as:
According to the actual size of continuous rotary electro-hydraulic servo motor, R = 6 mm, β = 3.3 • , Q = 103.92 mm. Therefore, the area of the oil return cavity
The oil-liquid volume of the whole sealing chamber consists of three parts: the oil-liquid volume in the sealing chamber surrounded by the motor distributor, the blade 1, the blade 2, the rotor and the stator inner curve, the oil-liquid volume in the pre-compression chamber and the oil-liquid volume in the damping hole. The oil-liquid volume of the first part is as follows.
where B is the stator width(m), b is the blade thickness(mm), Z is the number of motor blades. The volume of oil in the pre-compressed cavity and orifice
So the volume of oil and liquid in the sealing chamber
The pressure gradient of continuous rotary electrohydraulic servo motor in the step-down process is obtained by Eq. (5), Eq. (6) and Eq. (16) as follows. dp dθ
2) DETERMINATION OF CONSTRAINT CONDITIONS
In the step-down process of continuous rotary electrohydraulic servo motor, the rotating angle of the motor blade and the length of the pre-compressed capacitor side are taken as constraints. The rotation angle of the motor blade
The edge size range of the pre-compressed capacitor cavity:
3) STRUCTURE PARAMETERS OPTIMIZATION OF PRE-COMPRESSED CHAMBER
The objective function is the pressure gradient of continuous rotary electro-hydraulic servo motor in the decompression process in long radius arc region. The rotation angle of motor blade and the size range of pre-compressed chamber are taken as constraints. Drosophila optimization algorithm is used to optimize the pre-compression chamber structure of motor. The values of the relevant calculation parameters in the calculation process are shown in Table 1 . The objective function is the pressure gradient of the servo motor in the decompression process in long radius arc region. As can be seen from Fig. 21 -a, the abscissa is the number of iterations of Drosophila optimization algorithm, and the ordinate is the maximum taste concentration value, that is, the optimal solution of the objective function. When the objective function is given a single pre-compressed cavity side length, the objective function begins to converge at the 35th generation and converges to −4.842. Fig. 21-b shows the optimization results of the length of the pre-compressed cavity in the range of 20-30 mm. It can be seen that the pressure gradient of continuous rotary electro-hydraulic servo motor is the smallest when the edge length of the pre-compression chamber is 26.273 mm, so the effect of pressure reduction is the best.
VI. CONCLUSIONS
Aiming at the pressure impact problem of steel shell continuous rotary electro-hydraulic servo motor, the structure of pre-compression chamber is put forward. The simulation analysis of the motor step-down and boosting process is carried out by FLUENT, and the following conclusions are obtained.
(1) The optimal length of the pre-compressed cavity is 26.273mm in the step-down process of the stator long radius arc region of servo motor, while the optimal length is 10mm in the step-up process of the stator short radius arc region.
(2) During the depressurization process of the stator long radius arc area, the maximum pressure gradient is reduced to −5.5×10 6 Pa/rad after the introduction of the pre-compression cavity. Compared with the previous research results, the pressure gradient is reduced by 38.9%.
(3) During the boosting process of the stator short radius arc area, the maximum pressure gradient is reduced to 2.3 × 10 6 Pa/rad after the introduction of the precompression cavity. The pressure gradient relative to the steel shell motor boosting process has been greatly improved.
Therefore, the structure of the pre-compression chamber is proposed in view of the pressure impact phenomenon of the continuous rotary electro-hydraulic servo motor, and the optimum size of the pre-compression chamber is determined by simulation analysis and optimization algorithm. However, the following two aspects need to be further studied. On the one hand, advanced controller need to be designed to improve the tracking accuracy of the motor, as stated in reference [29] ; on the other hand, leakage of the motor is studied to reduce the pressure impact of the motor. 
APPENDIX

A. LIST OF VARIABLE DESCRIPTION OF THE PAPER
